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Evidence from developing countries and volunteer can be developed against these pathogens. The attack rate for
studies indicates that immunity to Campylobacter je- diarrheal disease with C. jejuni is decreased in adults in
juni and Campylobacter coli may be acquired, but the developing countries (8, 9) and in chronic drinkers of raw
antigenic basis for this protection is poorly defined, milk in the United States (10) suggesting that immunity is
We have purified to homogeneity four proteins with induced by recurrent reexposure. Studies in human volunteers
molecular weights of 28,000 (PEBI), 29,000 (PEB2), have shown that experimental infection with C. jejuni induces
30,000 (PEB3), and 31,000 (PEB4) from epidemic C. serum and intestinal antibodies directed against the pathogen,
jejuni strain 81-176 using acid extraction and sequen- and also protects against subsequent illness (but not infec-
tial ion-exchange, hydrophobic interaction, and gel fil- tion) upon rechallenge with the same strain (11).
tration chromatography. The relative amino acid com- However, while exposure to these bacteria may induce a
positions of these four proteins are similar. NH.-ter-
minal sequence analysis indicates that all four proteins protective host response (8-11), the pathogenicity of live C.

are different, although the first 35 amino acids of jejuni and C. coli limits the utility of a whole cell vaccine. A
PEB2 and PEB3 are 51.4% homologous. Isoelectric vaccine containing C. jejuni antigens that were presented to
focusing showed that all four aro hsic proteins with the recipients in a non-virulent manner would be preferable.
pI of 8.5 for PEBI protein and >9.3 for the others. Use This could be accomplished us'ng a vaccine composed solely
of the purified proteins as antigens in an IgG enzyme- of purified C. jejuni antigens. However, there is considerable
linked immunosorbent assay (ELISA) found that sero- heterogeneity of both heat-stable and heat-labile antigens
conversion to the PEBI or PEB3 proteins occurred in (12). Nevertheless, serum antibody response to C. jejuni/coli
15 of 19 patients with sporadic C. jejuni or C. coli in infected persons has been assessed using crude materials
infection. In comparison, only two, six, and 14 of these extracted with glycine at low pH (8, 13), but the precise
patients seroconverted to PEB2, PEB4, or the acid antigenic basis of this reactivity is poorly understood.
extract antigen. In an ELISA with whole bacterial cells For both development of vaccines and serological testing,
as antigens, antiserum to the acid-extracted antigens characteristics of the common antigen present in this mixture
showed broad recognition of C. jejuni, C. coil, C. fetus, would be useful. The flagella of C. jejuni are present in this
C lari, and Helicobacter pylori. Antiserum to PEBI extract and have been found to contain major antigens, but
recognized all 35 C. jejuni and all 15 C. coli strains but these proteins are heterogeneous and subject to phase varia-
none of the isolates of the other three bacterial species. tion (14, 15). Several studies have suggested that a C. jebuni
The PEBI and PEB3 proteins appear to be candidate protein migrating at approximately M, = 30,000 by SDS-
antigens for both a Campylobacter vaccine and for PAGE' is common, cell surface-exposed, and antigenic to
serological assays for the pathogen. humans (16-19). Because several C. jejuni proteins migrate

at approximately this molecular weight, pirification of the
proteins is necessary to determine if a single common antigen

Campylobacter jpjuni and the closely related species Cam- truly exists. We have now purified four C. jejuni proteins
pylobacter coli are now recognized as important causes of acute between M, = 28,000 and 31,000 and have shown that while
diarrheal disease in humans throughout the world (1-3). C. they are similar in amino acid compositions, they differ in
jejuni and C. coli are frequently present in the intestinal tracts amino-terminal sequence. Two of the four proteins are com-
of the animals we use for food processing, and transmission monly recognized by convalescent sera from patients with
to humans from consumption of undercooked poultry and raw sporadic C. jejuni/coli enteritis. These two proteins may be
milk is common (4-7). Control of these pathogens in both candidates for a vaccine against Campylobacter enteritis and
human and animal populations would be desirable, also may be of value in serological assays for the diagnosis of

Several lines of evidence suggest that protective immunity this infection.
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16364 Mlajotr Antigens in C. jjýuni` and C. cvii
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Major Antigens in C. jejuni and C. coli 16365

isolated from 1978 to 1987 were compared (data not shown). 0.05 1.s

Major proteins in the acid-extracted preparations migrated at
about 62, 30, 28, 24, and 21 kDa. The protein profiles of both
whole cells and acid-extracted mixtures were very similar,
although the strains had been isolated over a 10-year period. 0.04 -• 1.2

Because of its well-characterized virulence despite multiple in
vitro passages (11), we started our purification with the crude I
acid-extract mixture from strain 81-176. The purification of
the PEB antigens is summarized in Fig. 1. PEBI was purified o0.03 -o.9
to greater than 98% homogeneity by a single passage of the *

acid extract preparation on a phenyl-Superose column that I -

fractionated material into three major protein peaks (Fig. 2). 0
Peak 1 represented hydrophilic materials that did not bind to 0 .02 0. Z

the column at p11 9.0. Peak 2 contained an essentially pure
mixture of Mr = 30,000 (PEB3) and 31,000 (PEB4) antigens. Peak a-- Peea 3

Peak 3 contained purified PEBi antigen that migrated at -

28,000 in SDS-PAGE. The precise elution point of peaks 2 0.01 0. 3

and 3 varied with the age of the column, eluting at approxi-
mately 0.3-0.5 M Na2 SO4 in a new column (Fig. 2) and 0.0-
0.1 Na 2SO4 in a much used column (data not shown). How-
ever, the SDS-PAGE profile of each peak remained similar 0.00 0.0
and the third peak always contained pure PEB1. The PEB2 0 40 so
(M, = 29,000), PEB3 (M, = 30,000), and PEB4 (M, = 31,000)
antigens were partially purified by cation-exchange separation TiMe (minutes)

on a Mono S column (Fig. 3). PEB3 eluted at approximately FIG. 2. Purification of PEBI antigen from C. jejuni strain
180 mM NaCl (peak 3), PEB4 at approximately 200-220 mM 81-176 by hydrophobic interaction fast protein liquid chro-
NaCI (peak 3 + peak 4), and PEB2 at approximately 300 mM matography on a phenyl-Superose column. Elution was with 20
NaCl (peak 7). PEB3 was further purified to homogeneity on mM borate, pH 9.0, with a linear decrease of Na 2SO4 concentration

from 1.5 to 0.0 M over 60 min at a flow rate of 0.25 mI/min. Fractions
a phenyl-Superose column as originally used for PEB1. The of eluted materials were collected every 2 min and assayed for the
PEB4 was purified to homogeneity by passing the partially presence of PEB1 by SDS-PAGE. Peak 3 contained purified PEB1.
purified material through a Superose 12 gel filtration column
with 0.15 M phosphate, 0.15 M NaCl, pH 7.2, at a flow rate of Diarrheal Illness by ELISA-The purified proteins were then
0.5 mI/mmn. For PEB2, the partially purified antigen from the
Mono S column was further purified to homogeneity on the compared with the crude acid-extracted mixture from strain
Moeno-S s column w as further puri fidollomogeneity a onthse 81-176 in an ELISA to detect IgG responses in patients with
phenyl-Superose column as for PEB1, followed by a Superose sporadic cases of diarrhea (Table I). Of 19 patients with C.
12 column, as for PEB4 antiger. The final purified products jejuni or C. coli diarrhea, 14 seroconverted to the acid-ex-
are shown in Fig. 4. tracted mixture, 15 to PEB1 or PEB3, two to PEB2, and six

Seroconversion to C. jejuni Proteins in Patients with Acute to PE4 tNoe of paiet t a obace dia
to PEB4. None of patients without Campylobacter diarrhea

seroconverted to any of these antigens.
IWhole bacterial cells (•, t 81-176) Digestion of the PEBI Antigen with Proteases-Since bac-

terial antigens may be polysaccharide, lipopolysaccharides, or
protein in nature, we tested whether PEBs are proteins to

t(Glycine, p2.2) further characterize these antigens. Although previous exper-
iments showed that PEB1 and PEB3 were common antigens,
we were unsuccessful in purifying sufficient PEB3 due to its

cationic exchange HPLC on Mono S instability at temperatures above 0 *C. Thus, the following
characterizations only focused on PEBI antigen. Whole cellsIof two C. jejuni and two C. coli strains and an acid extract

Partially Rurified materials I from a third C. jejuni strain were digested with proteinase K
PEB3 PEB2 PEB4 I or V8. Rabbit antiserum to PEBI was used in Western blot

II r to monitor the sensitivity of PEB1 to the protease digestions.
U I This antiserum is monospecific and recognized a single anti-

Hydrophobic interaction HPLC on Phenyl Superose gen band migrating at M, = 28,000 in whole cell preparations,
indicating that no degradation of the protein occurred during
the extraction and purification processes. The M, = 28,000

['Partially purified PEB2 band disappeared after proteinase K digestion but not after
sham digestion (data not shown), indicating that the major
antigenic component of PEB1 is a protein. PEBI was fully

Gel filtration HPLC on Superose 12 resistant to digestion with protease V8 at low enzyme concen-
N tration (2% enzyme for 24 h at 37 °C). Continuation of diges-

tion with 25% enzyme for another 24 h partially hydrolyzed
PEBI into two antigenic fragments that migrate at M, =

S PEel I PE83 PE82 , B, 16,000 and 12,000 (data not shown).
=P0,r-29,0 Mr-31o000 Determination of the Native Molecular Weight of the PEBI

FIG. 1. Schematic purification of PER proteiu- from c. je- Antigen -Two r jejuni (qtrains 81-17G and D191hi and two
juni shtrain 81-176. C. coil (strains D743 and D1035) strains were used in this
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0.10 1.0

F o;. 3. Purification of PEB2, 0.08 
[.

PEB3. and PEB4 proteins from acid pea 2
extract of strain 81-176 by cation- 0.06 pe-k 2 - - peak 3 0.6

exchange chromatography on a 00 peak 4
Mono S column with 50 mMt HEPES, 'e -- peak

pH 9.0. at a flow rate of I ml/min * X

and a linear gradient from 0 mM 0J S
9 0.04 -0.4

NaCI to 400 mM NaC! over a period g .0 -

of 20 min. Peaks contained partially s Z
0purified proteins, PEW3 (peak 3). PEB4 a Peak 7

(pezk .3 + .). and I)EB2 (peak 7). e

0.02 0.2

0 10 20 30
Time (minutes)

WC AE 28K 29K 30K 31K Identification of Campylobacter and Helicobacter Strains by
Antiserum to C. jejuni by ELISA-We next examined the
potential application of antibodies to C. jejuni proteins for
identification and diagnosis of Campylobacter and/or Helico-

92K- bacter species. Rabbit antisera to the acid-extract mixture of
- strain 81-176 and to PEB1 were used in this study. By IgG

ELISA we tested for the presence of cross-reactive antigens
66K in 35 C. jejuni strains, 15 C. coli, 10 C. fetus, five C. lari, and

five H. pylori strains. The control normal rabbit serum did
not recognize any of the isolates tested. Antiserum to the

45K- acid-extract mixture recognized all 35 C. jejuni, all 15 C. coli,

nine of 10 C. fetus, all five C. lari, and three of five H. pylori
strains. In contrast, the antiserum to PEB1 recognized all 35
C. jejuni and all 15 C. coli isolates but none of the isolates of

31K- the other three bacterial species (Fig. 5). Thus, antiserum to
PEBI appeared to have exceptional discriminatory power
having both 100% sensitivity and specificity for C. jejuni and
C. coli.

Detection of PEBI in Whole Bacterial Cells by Western

21K- Blot-To further confirm the specificity of recognition of
antiserum to PEB1, we performed Western blotting to deter-
mine the bands recognized in preparations of whole cells of

Ft;. 4. SDS-PAGE (with 12% acrylamide) of purified C. various Campylobacter and Helicobacter species. In total, 18

jejuni proteins from strain 81-176. The lanes are whole bacterial C. jejuni strains, 14 C. coli, three C. fetus, four C. lari strains,

cells (WC), acid extract (AE), PEBI (28K), PEB2 (29K). PEB3 and one H. pylori strain were tested. A M, = 28,000 band was
(30K), and PEB4 (31K). Molecular weight markers are shown at left. found in all 18 C. jejuni and all 14 C. coli strains but was not

present in any of the C. fetus, C. lari, or H. pylori strains

study. Crude acid-extract mixtures were chromatographed on tested (Fig. 6). C. jejuni strains consistently had higher OD

the Superose 12 column. PEBI consistently eluted from the values in ELISA than C. coli (Fig. 5) and denser bands at M,

column immediately after the molecular weight standard pro- = 28,000 in the Western blot analysis (Fig. 6). This Western

tein carbonic anhydrase (M, = 29,000) (data not shown), and blot experiment provided physical evidence that PEB1 from
had a calculated molecular weight of 28,900. To compare the various C. jejuni/coli strains are all conserved in size, antigen-
effect of extraction conditions on polymerization of PEB1, we ically related, and can be recognized by antiserum to PEB1
included water extract preparations in this study. Only trace antigen from a single strain, 81-176 (ATCC55026). However,
amounts of PEBI was extracted in water, so the water extract the results also suggest that either more PEBI is present in
was concentrated 50-fold before use. PEB1 extracted in water C. jejuni, or that there are slight antigenic differences between
was also found to have a molecular weight of 28,900 + 1,000 PEBI of C. jejuni and C. coli. The amino-terminal residues of
for each of four strains tested. The similarity in the calculated PEB1 from C. jejuni and C. coli are 70% identical (Fig. 7); the
molecular weight of PEBI as defined by SDS-PAGE and gel amino acid differences are consistent with antigenic differ-
filtration chromatography indicates that the native form of ences.
PEB1 is a monomer of M, = 28,900 ± 1,000. PEB1 in C. jejuni Determination of p1-Prior to isoelectric focusing, the pu-
and C. coli strains have the same naeive molecular weights. rifled antigens were dialyzed against water and concentrated
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'lAtBL. I 0t c de f g h I j kI M in
S'rowrue'ttirsutoi tot C ijeuii p,*tt'ins (is d't,'riuni'ed h% EI.SA Ail

'irun fon~ ICu( uili~bui bttr i n/ccti'd persons tind pe'rsonis it it/I
t hr diii iriwl diseus 's

.st-roctt iersio iiis definted as OD % ) aloe jut-retise h%, at least .50',
in tcintalestent seruni citniparetl s"it h that in acute serumn and otitjt al
tilensit- v valuie in convalescent serum it reater than 0i.2004 inllI FISA. 8

C. (/i + + - + -

2. C(i/1 + + - + .

2. C~(7ljli - + - - + Fit. 6i. Western blot of rabbit anti-PEI3i with representa-
ifi C. ,I t.~. Iive ('anrpylobacter and Helicobacter strains. [he antigens uisedl

0, jun - - - + - arte %%hole cells prepa red ats descritbeenin thre text. Bacterial st rains o
6;. C pjijmii + + - + + C . ji','uni (except strains 81 1`76. 81 9:2. and M1 94). C, itt/i. and C.

7. -ialn + + - + - lart hadt I en jidtntiftied h 1) -%DN A hvhridizat it n to hie species level.
S. C.( l + + - + - I[hle C . ft I is st rains were identi tifed h)v the presence ot'high InitlecUIar
9. C. pjtji + + - + - weight surface array proteins detected h 1) 'y D-PlA(F and Western

10. C jejui + + -. + - b lot 1t2,51. '[he nil' hod foir the WVestern blot is ats dlescrihed in thle text.
i. C. (,)I + + - + - 'The ((mtr itindic at es htands uinigrat ing at Al, = 28,044(0, which were

12. C. pjunt 1 + + + fotund in all C'. itiurni st rains (M1 176. 81 93,.81 95,1)996, and 1)1916,
121. (ý ~jepni + + - + - (at-ns a c) and all C, witi strains 41)743. 1) 104:35. D130, 1)126, auti M)115.
14.. C. jquni + + - + + (tint's Iii hult niot fttund inl anly oft C. Inni strai~ns (1)459 and D1)14,4
15. C ,qjuni - - - + - (tants Ii and 1), C'. fetus strains (84 32 and So 1449. lint's int and n1 I ir

17. (. 14 tjuitiii + + + + +
18. C1 ii utiii + + - - - The amiino acid co(mposition of' the tour proteins was found
19. C.icin rsiutn 1 - to be similar (Table 11). Not surprisingly, basic amino acids* :1~7.7, 78.9 144.57.92.

(Lys, His, and Arg) p)redotminate. ranging from 26.4 to 33.6(' .

01ther pat titgens Cysteine was not found in any of the t~our proteins. Treatment
1.Sligi'//ii - - with dithiothreitol did not change the electrophoretic migra-

2. Salmonellai----- ---- ---- ---- ------- tion of' the four p)roteins (data not shown), confirming the
:1. Shieti/(--- ---- ---- ---- ---- ------- ab~sence of' intermolecular disulfide bonds. A comparison of
.1. Vf'rsin--- --- ---- ---- ---- ------ the NH 2-terminal amino acid sequences of the four proteins

se'tO/iiittsii' 0ii--------------------indicated that each is unique, although there is 51.4% identity

in the NH --terminal 315 amino acids of' PEB2 (Mr 29,000)
Not ptathttgens aind PEB3 IMr = :30,000) (Fig. 7). None of' the NH_, termini

identified of' these mature proteins starts with methionine, suggesting
that a leader sequence was cleaved during maturation. The

:2. four amiino acid sequences were compared with several
4. GeneBank databases including PAIR version 25.0, Swiss-Po

5. tt~ neriitn 14, EMBI, 24, and unique GeneBank sequences 65 24. The
A;srcmrin0 0 (0 (4 ( NH.2 termini of PEBI or PEB2 had no significant in-frame

Optictldenit vtlie retir hi 144inttit aut an cina- homology with other known proteins. For PEB3, we identified
lescent serumi. Patients with acuite serutn 01) valuie greater than 1.04 a potential in-frame hotmology with the deduced protein se-
were niot ettusidered tot shotw serttciinersittn. regairdless of 01) vamlues quences of two bacterial structures related to adherence to
il t'onvatlest'ent serumn. eukaryotic cells, class I pili from Neisseria meningitidis (30)

and E. coli heat-labile enterotoxin B-subunit (31). PEB4 was
0.800 C ei-3)found to share an identical NHW-terminal sequences through

EM~ C. -ien (-=35) the first :1) amino acids with an M, = :11.000) protein purified

0600 -M C fetus (-=1C', from a C. jejuni strain VC74 (29) (Fig. 7). PEB4 also exhibits
a Y1C. loridis (n-5) partial homology with two proteins related to the serine

0,400 p yo~(=)1rotease inhibitor superfamily including human corticoste-
< rmid-binding globulin (32), serine proteinase inhibitor I of

0.200vaccitlia virus (33, :34), and with two mammalian proteins
0 involved in cell-to-cell interaction including mouse neural cell

0000 -adhesion molecule (35) and human MHC class 11 lymphocyte
antigen Dpw4-j1-1 (36).

ANTI-ACID EXTRACT ANTI-PEBI

Fio;. 5. Recognition of Campylobacter and Helicobacter t)ISCtTSSION
cells by antisera to C. jejuni proteins by ELISA. Whoile btacterial
cells were usedl as tant igens. First antitatdies were rabbit anti-ticiti We have developed methods for the purification of four
extract ttr rabbiit anti-l'FBI froti strain M1 176. Aui opticail denlsit.y basic p~roteins from C. jejuni strain 81-176 and demonstrated
%-titlte tit 41.1 lint greatter than 44.1 was detined as Piisittve (ineanl ± the existence of common antigens, migrating between M, =
S.F. oft twoi experimients). 28,001) and :31,000) by SDS-PAGE. Although no more than

f'our protein bands of whole cells and acid-extract of C. jejuni
using centricon-lO microiconcentrattors (Amicon). All four are distinguishable between M, = 28,0)00 and :11,00(1 by one-
proteins were found to be basic with a 1)1 of 8.5 for PEB 1, and dimensional 81)8-PAGE, more than 10 protein spots are
p)1 greater than 9.3 for PEB2, PE133, and PEB4. resolved around M, = 30,00(0 by two-dimensional gel electro-

Amino Acid Composition and Amino-terminal Sequence- phoresis with p1 between 4.1) and 6.8 (37). The four basic PEB
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F1(;. 7. Amino-terminal sequence 1 5 10 15 20 25 30 35 40
fGnn G Z L : S I ; S : G Q L I V G V D N V P H Y A L - 0 Q A - - -of C. eDuni and C. coli proteins. Iden- D1035 A 8 0 K L KA I K A K G E L V I 0 V N

tical residues are hg.hligIhted in hold let-
twrin, Dabh indicates that residue was PEB2 E I L V Y G P G G P A P V L K E L A L K F E B K T K E K V I V T A 0 P

not deternmined. "A, = 28,00)0) protein PEB3 D V N L Y G P G G P H T A L K D I A S K Y S E K T G V K V N V N F G P Q A T F - K
from C., co!h strain [DI03•5. "Sequence of'PB ATVATVN 1518DAEV9ZFFAPXLRGQDTK-L-DIrni.ihsraD0t.Seuecef PEB4 ATVATVNO K B I DA EV BEFFla PILRGQ DFI-L- D

.I,=31,OOoprteins,,Vt'74in Ref. 29. VC74' A TV A TV N GK S I 8D AE V SZ F F A P KL R G Q 0FF T L P - NQ K A

TABLE II common to thermophilic Campylobacter. and antigenic when
.lmni, acid composition of C. jejuni proteins used in pure form to immunize rabbits, our data indicate that

Amio, aid I'Ed I t'EB2 PEV PEB4 VC74 protein it is not a major target protein for the human immune system
residue" A, = PEB Po3 during natural infection. Digestion of (ampylobacter cells

ml with trvpsin did not remove this protein (29), suggesting that
lvs :30.2 24.4 22.9 :12.4 14.3 PEB4 is not surface-exposed. Whether failure to stimulate an
His 0.6 0.0 1.4 0.3 1.1 antibody response to this protein during natural infection is
Arg 2.0 2.0 4.0 0.9 1.1 due to its internal location or to other characteristics is
Asx 11.1 14.1 11.9 11.8 13:.6
(Gx 6.6 9..1 7.5 11.4 15.9 unclear. Work to define the location of the other three pro-
Ser 3.8 4.9 4.6 2.9 4.0 teins on ('ampylobacter cells is presently underway in our
Thr 4.4 :3.9 6.7 5.6; laboratory and will hopefully provide more data to correlate
Val 5.5 5.5 5.4 4.1 5.0 location and antigenicity during natural infections.
Met 0.4 1.7 1.5 0.8 1.1 In the present study, two proteins, PEBI and PEB3, have
le 5.42 5. 6.0 4.1 7.4 been found to be common antigens recognized by convalescentl~eu 7.A 7, 7 .5.1 6.4 7.4

Ala 9.4 11.1 9.3 7.4 9.7 sera from either C. jejuni- or C. coli-infected patients. PEBI
Phe 3.3: 2.5 4.6 :1.7 4.7 is found in all C. jejuni and C. coi strains. PEB3 share
(ly 6.7 5.1 6.3 5.7 7.2 significant sequence homology with two other bacterial pro-
Cys 0.0 0.0 0.0 0.0 0.0 teins, class I pilin from N. meningitidis and heat-labile enter-
Tyr 3.5 2.1 2.8 2.4 0.0 otoxin B-subunit of E. coli, both of which are involved in

"Trp and Pro not determined, binding to human mucosal cells, although at present the
From Ref. 29. significance of the homologies is unknown. Work by other

investigators has shown that C. jejuni proteins of about Mr =
proteins found in the present studies raise the number of 30,000 participate in bacteria-host cell interactions (40). Ad-
proteins around this region to at least 14. It is important to herence of these molecules to tissue culture cells were only
recognize that the presence of several antigenic proteins with found for invasive strains. A M, = 28,000 protein may play a
similar molecular weights clustering around M, = 30,000 make role in C. jejuni colonization in chicken (41). However, these
it impossible to identify the major antigen based only on molecules have only been identified by molecular weight.
molecular weight. The four purified proteins share the follow- Without more specific identification, we cannot directly com-
ing characteristics. 1) All are removable from the bacterial pare these molecules with the PEBs, but the similarity in
cell by a gentle extraction with low pH glycine, suggesting molecular weight between these molecules and PEBs and
they are not transmembrane proteins. 2) They are similar in sequence homology between PEB3 and other adhesive mole-
amino acid compositions and contain a high percentage of cules suggests a relationship between them.
lysine. The difference in lysine value (Table II) between PEBs C. jejuni, C. coli, and C. lari are enteric bacterial that
and VC74 protein suggests that the unusual high percentage colonize the small intestine where a family of serine proteases
of lysine in PEBs may be caused by contamination. 3) All are such as trypsin and chymotrypsin are normally present in
basic proteins with pI greater than 8.5. 4) Amino acid analysis high concentrations. Resistance of Campylobacter cells to this
and unchanged migration in SDS-PAGE after treatment with digestion may be important for survival but no mechanism
a reducing agent indicates that all lack cysteine. 5) None of has been established. Digestion of whole C. jejuni cells with
the amino termini of the mature proteins start with methio- trypsin did not remove an M, = 31,000 protein (PEB4) (29),
nine, indicating post-translational cleavage of a leader se- and we found that soluble acid-extracts from C. jejuni and C.
quence. However, in spite of these similarities, they differ in coli strains were highly resistant to digestion with another
amino-terminal sequences and in their ability to stimulate the serine protease, proteinase V8. PEB4 shares significant in-
immune response during natural infections. The close homol- frame homology with members of the serine protease inhibitor
ogy between PEB2 and PEB3 may be due to gene duplication superfamily (32-34). Thus, it may be worthwhile to assay
during evolution, but its significance is not known. PEB4 directly for protease inhibitor activity. Finding such

The strongly cationic nature of these proteins is striking activity could explain the conservation of PEB4 among all
and may aid in anchoring the proteins within the membrane intestinal Campylobacters.
through electrostatic interaction with negatively charged li- Campylobacter are microaerophilic and fastidious to culture.
popolysaccharide molecules or other outer membrane com- Currently available methods for detection of C. jejuni and C.
ponents. The cation charge also may aid in interactions with coli require special media and incubation conditions and are
eukaryotic cells. Of interest, the mip protein of Legionella time consuming. Rapid direct detection of infectious agents
pneumophila, an M, = 24,000 surface protein which enhances using immunological methods is becoming widely used (42),
the ability of L. pneumophila to parasitize human macro- but litde has been done for C. jejuni and C. coli. Two kinds of
phages and to cause pneumonia in experimental animals, has assays could be useful in diagnosis: (i) use of antibodies to
a similarly high pI of 9.8 (38, 39). PEBs to identify C. jejuni or C. coli in clinical specimens and

Dubreuil and co-workers (29) have purified a M, = 31,000 cultures; and (ii) use of PEBs as antigens to detect antibody
protein from C. jejuni which has sequence identity for the response during natural infections. Antibodies to PEBI are
first 30 amino acid with PEB4. Although this protein is potentially suitable for rapid identification of bacterial cells,
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and PEBI and PEB33 appear to be good candidate proteins to 15. Harris. L. A., Logan, S. M., (iuerry, P.. and Trust, T. J. (1987)
detect antibody responses. J6. j* cteriol. 169, 5066- 5071

1.Blaser. M. J.. H :.kins. J. A., Berka. R. M., Vasil, M. L., and
Clinical and epidemtiologic studies suggest it may be possible Wang. W. L. ( 1983)ý Infect. Immun. 42, 276-284

to develop an effective vaccine for C. jejuni and C. coli (8-11). 17. Blaser, M. .J.. Hopkins. .4. A.. and Vasil, M. L. t198.4) Inluctt
Since diseases caused by C. jejuni and C. co/i are self-limited, Imnmun. 43, 996-993
and recovery is usually associated with development of anti- 18. Logan, S. MI., and Trust. T'. J. 1.198:34 Infct). Immun. 42, 675--
bodies to specific antigens on the bacterial cell surface (13), 19 682l .6. crdHan ero.A ).494 .(n

one approach to vaccine development is to identify and char- Mlicrobiol. 130, 1201-1208
acterize these cell surface molecules. We have found two 20. Rus.seII. R. G.. Blaser. M. J1., Sarmiento, J. L,. and Fox,-). t1914))
proteins, PEBI and P1-'E3 that are targets for the human Infe, t TImmn.o 57, 14:18-1444
immune system during natural infection. Whether or not the 21. McCoy. E. C.. Doyle. D., Burda. K.. Corbeil. L. B., and Winter.

immune response to PE13i and PEB33is protective is unknown 2.A. .4. (1975) Infect!.i. iun. 11,517-525
at peset. urthr sudynees tofocs o loaliztio ofthe Amnes. I . F.L. (1974),J. Biol. Chem. 249, 6314-644
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PEBs on the bacterial cell surface, and their role in bacterial Biochemn. 105, 361-:363
adherence and pathogenesis, and the efficiency of PEBI or 24. Willoughby., E. W., and Lambert, A. 4 198:3) Anal. Bioc hem. 130,
PEB33 for active immunization or their antibodies for passive 2. 353-358
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protection of animals experimentally infected with C. jeui Sci.1 S. A.76, 4:3504-4:354
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